The proton-decoupled 15N Fourier transform nuclear magnetic resonance (NMR) spectra of '5N-enriched Nuclear magnetic resonance (NMR) spectroscopy is a powerful tool for obtaining information on the electronic structure, conformation, solvation, and dynamics of molecules and can be applied to systems as complex as biological cell cultures and tissues. The NMR technique has proved to be particularly useful for monitoring the metabolic reactions of small molecules in living cells (1-4). NMR measurements have also provided information on the motional freedom of small molecules in different cellular compartments and cell fractions (5). The NMR spectra of molecules that comprise the structural components of cells are not easily obtained (6).
backbones with lysine, arginine, and histidine side chains, (ii) ribonucleic acids, (iii) peptidoglycan, and (iv) phospholipids. Several additional amino and amide resonances were observed but not identified. In bacteria and yeast, the cell wall was found to be the site of a relatively mobile group of molecules, whose resonances dominate the proton-decoupied 15N NMR spectra of whole cells. '5N NMR chemical shifts and nuclear Overhauser effects have provided information on the in vivo structure of cell wall peptidoglycan. In Staphylococcus aureus the pentaglycine cross-bridge of cell wall peptidoglycan was found to have a random coil conformation. In B. licheniformis considerable segmental motional freedom was detected in teichuronic acid and peptidoglycan polysaccharide chains in the wall of the intact cell. Nuclear magnetic resonance (NMR) spectroscopy is a powerful tool for obtaining information on the electronic structure, conformation, solvation, and dynamics of molecules and can be applied to systems as complex as biological cell cultures and tissues. The NMR technique has proved to be particularly useful for monitoring the metabolic reactions of small molecules in living cells (1) (2) (3) (4) . NMR measurements have also provided information on the motional freedom of small molecules in different cellular compartments and cell fractions (5) . The NMR spectra of molecules that comprise the structural components of cells are not easily obtained (6) .
Although the 'H, 13C, and 31P NMR spectra of complex biological systems are being actively studied, the 15N spectrum of only one cell system, the fungus Ustilago sphaerogena, has been reported (7) . The scope of 15N NMR spectroscopy of whole cells remains to be determined with respect to (i) the cellular components that can be studied, (ii) the ability of the 15N-fIHj nuclear Overhauser effect nulling (8) to simplify complex spectra and provide dynamic information, and (Mii) the need of specific isotopic labeling for making specific assignments and reducing the number of observed resonances. 15N NMR spectroscopy appears to be well suited to probing the structural organization of cells for several reasons. The nitrogen atoms are often found in close proximity to the sites of the intermolecular interactions that play important roles in determining the structure and function of biological molecules. 15N chemical shifts are particularly sensitive to molecular conformation and noncovalent bonding interactions and correlations are actively being sought in small molecules (9) (10) (11) (Fig. 2B) . The phosphatidylethanolamine resonance is absent. The Lys resonance is weak and broadened. The Argl and Arg2 resonances are also weak and vary in intensity among different batches of cells. However, the spectrum displays a relatively intense set of resonances (AM4, P5, and P9) that originate from cell wall components. The P5 resonance is assigned to the acetamido nitrogen of cell N-acetylglucosamine, N-acetylmuramic acid, and Nacetylgalactosamine residues of cell wall peptidoglycan and teichuronic acid, because (i) one of the two 15N resonances observed in the proton-decoupled natural-abundance 15N spectrum of N-acetylglucosamine in aqueous solution corresponds to P5, (ii) cells grown in the presence of nonlabeled N-acetylglucosamine had a PS resonance that was significantly reduced in intensity, and (iii) the P5, P9, and AM4 resonances are found in the 15N NMR spectra of the lysozyme digests of B. licheniformis cell wall particles freed of proteins and teichoic and teichuronic acids.
The assignment of the intact cell 15N resonances to cell wall structural components rather than to labile metabolite molecules is supported by the fact that (i) the intact cell and isolated cell wall spectra are identical, (ii) two consecutive intact cell spectra, obtained over the course of 24 hr, did not differ, and (iii) the spectra of cells harvested in mid-logarithmic phase, late logarithmic phase, and 4 hr into the stationary phase did not differ significantly. The observed intact cell resonances were not partially saturated, because decreasing the pulse angle from 900 to 300 did not change the relative amplitudes of the resonances.
Increasing the temperature of the cell sample to 47W produced dramatic changes in the B. licheniformis cell 15N spectrum, which reflect the thermal denaturation of proteins and the unfolding of ribonucleic acids. The '5N NMR spectrum of B. licheniformis cells at 470 (Fig. 3) that corresponds to relatively mobile molecules coordinated to or in close proximity to paramagnetic ions (23, 24) .
Among Cell Wall Dynamic Structure In Vivo. The three-dimensional models proposed for cell wall peptidoglycan (25) (26) (27) (28) (29) consist of rigid, extensively hydrogen-bonded mosaics of peptidoglycan subunits, while the x-ray diffraction patterns of B. licheniformis and S. aureus cell walls (30) as well as the elastic behavior of bacterial cell walls (31) have indicated that peptidoglycan behaves as a randomly crosslinked polymer with much free rotation. The random-coil conformation of a large percentage of the pentaglycine cross-bridges of S. aureus cell wall peptidoglycan is more consistent with a mobile conformation than with the extensively hydrogen-bonded f-pleated sheet conformation used in model-building studies (25) . The observation of peptidoglycan resonances in the cell walls of intact cells is consistent with the existence of considerable segmental motion, oscillations, conformational jumps, and internal rotations within the native peptidoglycan matrix. Because changes in morphology and tensile strength of the cell wall will most probably affect peptidoglycan Tc and the relative intensities of its 15N-I'HI NOE The costs of publication of this article were defrayed in part by the payment of page charges from funds made available to support the research which is the subject of the article. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact.
